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‘true’ 14C age will be (the consensus value) 
and then we can estimate for each labora-
tory, whether there is a constant off set (or 
a bias) from this consensus. The current 
program of inter-laboratory comparisons 
has aff orded an opportunity for laborato-
ries to assess their accuracy. In each inter-
comparison, the consensus values for the 
unknown age samples was calculated and 
reported. Figure 2, , shows the off set (and 
95% confi dence interval) for individual 
laboratories based on the dendrochrono-
logically dated samples included in FIRI. 
The sample dendro-ages were 3200-3239 
BC, 3299 - 3257 BC and 313-294 BC.

Conclusions
Analyses of results from FIRI and phase 1 
of VIRI support the fact that radiocarbon 
laboratories are generally accurate and 
precise. The results from FIRI are signifi -
cant in that they show broad agreement 
between measurements made in diff erent 
laboratories on a wide range of materials, 
and they also demonstrate no statistically 
signifi cant diff erence between measure-
ments made by radiometric or AMS tech-
niques. As a result of the inter-comparison 
program, an extensive suite of natural ref-
erence materials (such as wood, carbonate, 
etc) spanning the applied 14C timescale has 
been created by the 14C dating community. 

These can now be used by 14C labs to im-
prove their dating accuracy and are thus of 
great benefi t to the users of 14C dates.
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Background
In addition to being crucial to many archae-
ological studies, radiocarbon ages form the 
chronological basis for many Holocene and 
late Pleistocene paleoclimatic studies and 
paleoenvironmental reconstructions. The 
basic radiocarbon age calculation assump-
tion of constant atmospheric 14C content is 
not valid, however, due to solar- and geo-
magnetic-induced changes in production 
rate and ocean circulation changes. In order 
to compare radiocarbon chronologies with 
those derived from other means, such as ice 
core or U/Th dated sequences, it is neces-
sary to calibrate against measurements of 
“known” age samples. 

Calibration curves were originally 
based only on 14C measurements of known-
age tree-rings and a calibration curve for 
Holocene marine samples was constructed 
using the atmospheric data as input into 
a simple ocean-atmosphere box diff usion 
model. More recently, marine records, U-Th 
dated corals and foraminifera from varve-
counted sediments of Cariaco Basin, com-
bined with reservoir corrections, provide 
high-resolution atmospheric calibration be-
yond the range of the tree-ring record. The 
ocean-atmosphere box diff usion box model, 
however, is used for Holocene marine cali-
bration where marine calibration data are 
generally not available with suffi  cient reso-
lution and precision. After a disastrous start 
of multiple independent “calibration” data 
sets that yielded disparate calendar ages 

and confusion among users, radiocarbon 
calibration curves have been constructed 
by small groups utilizing the best available 
and reproducible data sets, and ratifi ed by 
the attendees at the International Radiocar-
bon Conferences. As the types of records 
available for calibration have diversifi ed and 
the pros and cons of each realized, a larger, 
more formalized group has become a ne-
cessity. In 2002, the IntCal Working Group 
was created and has since met at a series of 

workshops funded by the Leverhulme Trust. 
The IntCal group has produced estimates of 
the calibration curves for the main carbon 
reservoirs: the Northern Hemisphere atmo-
sphere (IntCal04), the Southern Hemisphere 
atmosphere (SHCal04), and the marine en-
vironment (Marine04). SHCal04 was the fi rst 
ratifi ed calibration curve for the Southern 
Hemisphere.

Most of the early calibration curves 
were constructed from a simple weighted 

Figure 1: Selected 14C data sets >26 cal kyr BP with calendar timescales based on U/Th dating, varve counts or 
through correlation to U/Th-dated speleothems. The marine and speleothem records are corrected with a constant 
reservoir or dead carbon fraction off set as specifi ed in the original publication. Uncertainty is shown in the 14C ages 
only as one standard deviation. Corals are given as solid circles: red (Bard et al., 2004); pink (Cutler et al., 2004); 
green (Fairbanks et al., 2005). The Cariaco Basin foraminifera data with the timescale from the correlation to the 
Hulu Cave is given as open blue circles (Hughen et al., 2006), Lake Suigetsu macrofossils as solid orange triangles 
(Kitagawa and van der Plicht, 2000), and Arabian Sea speleothem as black crosses (Weyhenmeyer et al., 2003).
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average of all data within a 10- or 20-year 
bin. This ignored the uncertainty in the 
calendar axis, which can be signifi cant for 
some records (non-tree-ring in particular). 
For the 2004 curves, Buck and Blackwell 
(2004) devised a tailor-made curve esti-
mation method based on a random walk 
model (RWM), which takes account of the 
uncertainty in both the calendar ages and 
radiocarbon determinations that make 
up the raw calibration data, and formally 
acknowledges the covariance of the data 
points (induced by the fact that they all de-
rive from the same underlying radiocarbon 
production mechanisms).

When the IntCal Working Group com-
piled the 2004 calibration data sets, many 
types of records were considered, including 
U/Th dated corals, speleothems with U/Th 
age models, macrofossils from varved lake 
sediments, and foraminifera from varved 
and non-varved marine sediments with cal-
endar age estimates (based on correlations 
to ice core records). Despite reasonably 
good agreement between many of these 
records beyond the range of the tree-ring 
data, however, only the corals and the fora-
minifera from the varved sediments were 
considered to meet the IntCal criteria for 
calibration back to 26 cal kyr BP (0 cal BP = 
AD 1950). As a result of these uncertainties, 
the group chose not to produce a calibra-
tion curve for this time period; instead a 
modeled estimate of the curve underlying 
all the data sets was determined and called 
NotCal04 to signify that it was NOT of cali-
bration quality. Because of the lack of an 
internationally ratifi ed calibration curve be-
yond 26 cal kyr BP, however, there has been 
a proliferation of “calibrations” based on in-
dividual data sets or selected compilations. 
Although such comparisons are valuable 
research tools for exploring possible leads 
and lags in the various carbon reservoirs 
and for providing tentative calendar age 
estimates, the mixed approaches make it 
diffi  cult to compare records with diff erent 
age estimates and, unfortunately, have the 
potential for causing signifi cant uncertainty 
across the scientifi c and archeological com-
munity.

The task ahead
New and/or improved 14C data sets for the 
time period beyond 26 cal kyr BP were re-
ported at the 19th International Radiocar-
bon Conference in Oxford (April 2006) and 
are generally in good agreement. Attend-
ees of the conference business meeting 
agreed that the IntCal Working Group com-
pile a standard “calibration” data set for the 
entire range of radiocarbon (<55 kyr BP). 
Due to the rapid progress in the produc-
tion of 14C calibration data sets, the Radio-

carbon community expressed the need for 
annual updates to the curves beyond the 
end of IntCal04 (currently at 26 cal kyr BP). 
These curves would provide tentative cal-
endar age estimates and would be distinct 
from the explicitly higher-quality, tree-ring 
calibration data, and not ratifi ed in a simi-
lar fashion to the IntCal curves. Ideally, data 
sets beyond 26 cal kyr BP should be referred 
to as ‘comparison curves’ until a ‘calibration 
curve’ is ratifi ed. The NotCal04 estimate 
relied on modeling the (sometimes quite 
large) off sets between data sets using a ran-
dom eff ect component, which we hope not 
to need for the next (non-ratifi ed) output.

In order to provide more transparency 
and wider community input, an Oversight 
Committee including experts in a number 
of fi elds will be selected on the basis of 
online voting to be handled by the Radio-
carbon journal. Funding is currently being 
sought for an IntCal Working Group meet-
ing, including the Oversight Committee, to 
review and recommend the data to be in-
cluded in the next IntCal extension, as well 
as for research assistance.

In addition, the current internation-
ally ratifi ed calibration curve, IntCal04, is 
due for a full update when the fl oating 
tree-ring extension from Germany and 
Switzerland are linked. This work is being 
undertaken through an ESF-EuroClimate 
grant to research groups in Heidelberg, Aix-
en-Provence, Budapest, Lund, Stockholm, 
Stuttgart-Hohenheim and Zurich, and is 
expected to be completed by 2007-8. If the 
estimated linkage of the fl oating tree-ring 
chronology is correct, then the calibration 
results of terrestrial radiocarbon dates from 
the end of the last glaciation to the begin-
ning of the Younger Dryas chronozone will 
be signifi cantly diff erent from those derived 
from calibration using IntCal04.

It is anticipated that terrestrial records, 
such as the fl oating kauri tree-rings or ter-
restrial macrofossils from the new Lake Sui-
getsu cores, will eventually provide a terres-
trial radiocarbon calibration to 55 kyr with 
the detail necessary to resolve leads and lags 
in the climate system, or distinguish cause 
and eff ect of landscape changes related to 
early human occupation (e.g. of Australia). 
This cannot be achieved with the naturally 
smoothed marine and speleothem records 
(Fig. 1). In the meantime, terrestrial radio-
carbon calibration or comparison curves 
beyond the end of the known-age tree-ring 
record will need to be constructed primarily 
from marine-based archives such as corals 
or foraminifera. The spatial and temporal 
variability of marine radiocarbon reservoir 
ages (MRA) is therefore an outstanding 
problem (c.f. Reimer & Reimer; this issue). 
A corollary is also present in speleothem-

based records, which have to make assump-
tions on the constancy or model-estimate 
of the dead carbon fraction.

It has been suggested that coupled 
ocean-atmosphere global circulation mod-
els (OGCMs) could provide some insight into 
past MRA. However, OGCMs have a diffi  cult 
time accurately recreating the spatial distri-
bution and pattern of natural and bomb 14C 
in the ocean. Thus, these model simulations 
should not be thought of as the solution 
to estimate past reservoir age variations at 
present but more in terms of sensitivity ex-
periments towards potential solutions. An 
updated and extended event stratigraphy 
approach such as that used by Bjorck et al. 
(2003), as well as further paleo-reservoir 
age measurements, where appropriate se-
quences exist, should be undertaken.

And fi nally: semantics. What should we 
call the tentative calendar age curves and 
the resulting estimates? There needs to be 
some short but easily understood abbre-
viation so that one can readily tell true cali-
brated radiocarbon ages (derived from the 
use of internationally agreed radiocarbon 
calibration curves) from more tentative cal-
endar age estimates derived from the use 
of an interim curve based on a non-ratifi ed 
compilation of potential calibration data.

Despite these uncertainties, if all goes 
well, radiocarbon users can expect an up-
dated IntCal04 and a new compilation 
curve for calendar age estimation back to 
55 kyr BP in the near future. There are excit-
ing times ahead.
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